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Objective:  To  evaluate  the  diagnostic  value  of  parasternal  pulmonary  artery  (PA)  short-axis  view  for  the
anomalous  origin  of  left  coronary  artery  (LCA)  from  the  pulmonary  artery  by  echocardiography.
Methods:  A  total  of 13  patients  (3  boys)  aged  from  2 months  to 12 years  were  enrolled.  Transthoracic
echocardiography,  including  cross-sectional  imaging  and  color  Doppler  ﬂow imaging,  were  performed,
and  their  diagnoses  were  conﬁrmed  by  operation.
Results: Among  the  13  patients,  7 had  LCA  originated  from  the left  posterior  wall of PA, 2 from  the posterior
wall,  and  4 from  the  right  posterior  wall.  The  PA short-axis  view  could  visualize  the  anomalous  origin  ofongenital heart disease
eft coronary artery
nomalous origin of left coronary artery
rom the pulmonary artery
ulmonary artery
chocardiography
the LCA  from  left  posterior  or posterior  wall of PA  clearly.  The  LCA  and  aortic  wall  were  overlapping  at
3–4  o’clock  at  PA  short-axis  view  in the  patients  with  LCA  originating  from  the  right posterior  wall  of  PA.
It was  similar  with  the  image  of the LCA  originating  from  the  aorta.  But  the  blood  ﬂow was  opposite  to
that  of LCA  with  normal  origin.
Conclusions:  The  parasternal  PA short-axis  view  is  a good  view  to visualize  the  anomalous  origin  of the
LCA.
© 2013  Japanese  College  of  Cardiology.  Published  by Elsevier  Ltd.  All  rights  reserved.ntroduction
Anomalous origin of the left coronary artery (LCA) from the pul-
onary artery (PA) (ALCAPA), ﬁrstly reported by Brooks in 1886, is
 rare congenital heart disease. The incidence is approximately 1
er 300,000 live births and represents 0.5% of all congenital heart
isease cases [1,2]. During fetal life, this abnormality can be well
olerated because the pressures in the aorta and pulmonary trunk
re equal. Soon after birth, with the decrease in pulmonary arte-
ial resistance, perfusion pressure in anomalously connected LCA
s reduced, and ischemia and infarction of the myocardium may
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atural Science Foundation of China (81270177), Ministry of Health Research Foun-
ation of China (201339378), The Health Bureau Research Foundation of Zhejiang
rovince (2009A124, 2009CA072).
∗ Corresponding author at: Children’s Hospital, Zhejiang University School of
edicine, 57 Zhugan Xiang, Hangzhou 310003, China. Tel.: +86 571 87073271;
ax: +86 571 87033296.
E-mail address: gongfangqi@zju.edu.cn (F.-Q. Gong).
914-5087/$ – see front matter © 2013 Japanese College of Cardiology. Published by Else
ttp://dx.doi.org/10.1016/j.jjcc.2013.10.012ensue [3,4]. The prognosis is largely dependent on the extent and
efﬁciency of blood supply from collateral networks [1,5,6].
Early diagnosis is important as the surgical correction should
be undertaken as early as possible. However, misdiagnosis and
missed diagnosis are still commonly reported. Although coronary
computed tomography angiography (CTA), magnetic resonance
imaging (MRI), and invasive angiocardiography were used for diag-
nosis of ALCAPA [1,7–13], echocardiography is a harmless, cheap,
and the most frequently used method to date. In echocardiog-
raphy, the normal origin of LCA is clearly visualized at aortic
short-axis view. However, aortic short-axis view can only show the
course of ALCAPA, it cannot show the origin of ALCAPA. ALCAPA
is often overlapped with the aorta wall at the normal beginning
part of the LCA, easily mistaken for the LCA originating from
the aorta at aortic root short-axis view. How to diagnose the
ALCAPA early remains an arduous task. Up to now, researchers
have not reported the diagnostic value of parasternal PA short-
axis view for the ALCAPA. Herein, we report our experiences
about the value of the parasternal PA short-axis view and color
Doppler ﬂow imaging (CDFI) of echocardiography in the diagno-
sis of ALCAPA in children. It is the ﬁrst systematic description
vier Ltd. All rights reserved.
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f ALCAPA and the ﬂow at the parasternal PA short-axis view of
chocardiography.
aterials and methods
ubjects
A total of 13 pediatric patients who were hospitalized in the
hildren’s Hospital of Zhejiang University School of Medicine from
anuary 2004 to December 2011 were enrolled consecutively. They
ere 3 boys and 10 girls, aged from 2 months to 12 years with a
edian of 25 months (Table 1). The diagnosis of ALCAPA was  con-
rmed by angiocardiography in 9 patients (Fig. 1A) and coronary
TA in 4 (Fig. 2A), and by operation in all patients ﬁnally.
The study was approved by the ethical committee of the Chil-
ren’s Hospital, Zhejiang University School of Medicine, and was
ased on the institution’s guidelines for human studies. The inves-
igation conformed to the principles outlined in the Declaration
f Helsinki. Informed consent was obtained from the patients’
arents.
chocardiography
Transthoracic echocardiography was carried out using a Vivid7
imension (GE Healthcare, Milwaukee, WI,  USA) and IE33 Color
chocardiography system (Philips Medical Systems, Bothell, WA,
SA). The heart chamber size and endocardial thickness in the
ross-sectional imaging were measured routinely. The paraster-
al aorta short-axis view and PA short-axis view were estimated.
he probe was rotated clockwise from parasternal aortic short-axis
iew to PA root short-axis view to obtain the origin and course of
he LCA by cross-sectional imaging and CDFI. We  moved the probe
rom the root of PA to branch of PA when the origin of the LCA was
able 1
he clinical features of 13 patients.
No. Age (months)/gender Clinical features LCA origin 
1 2/female 2/6 SM in LSB 2–3 Left posteri
2  2/female 3/6 SM in LSB 3–4, poor
feeding for 2 months
Posterior 
3  3/male 2–3/6 SM in LSB 2–3, enhanced
P2
Posterior 
4  3/female Shortness of breath for 2
months, poor feeding, cyanosis,
sweating; 2/6 SM in LSB 2–3
Left posteri
5  7/male 2/6 SM in LSB 2–3, S1 low blunt Right poste
6  8/female Cough for 15 days, S1 low blunt Left posteri
7  25/female 1/6 SM in LSB 2–3 Right poste
8  26/female 1/6 SM in LSB 3–4, P2 > A2;
moderate malnutrition
Left posteri
9  44/female Repeated cough over one year,
occasional shortness of breath;
2/6 SM in LSB 2–3
Left posteri
10  48/female 2/6 SM in LSB 2–3 Left posteri
11  59/female 2/6 SM in LSB 2–3; moderate
malnutrition
Right poste
bifurcation
12  81/female 3/6 SM in LSB 3–4, S1 low blunt Right poste
13  141/male 2/6 SM in LSB 2–3 Left posteri
SB, left sternal border; RCA, right coronary artery; LCA, left coronary artery; PA, pulmona
efect;  PDA, patent ductus arteriosus; PFO, patent foramen ovale; PH, pulmonary hyperteiology 63 (2014) 444–448 445
not likely to be found at the level of PA root short-axis view. CDFI
was used to observe the distribution of blood ﬂow, especially the
LCA and RCA blood ﬂow direction, myocardial collateral blood ﬂow,
and retrograde.
Angiocardiography and coronary CTA
Cardiac catheterization and angiocardiography were performed
using 1250 mA DSA (GE Healthcare) in 9 patients with ALCAPA diag-
nosed by echocardiography, including analysis of the pressure and
oxygen saturation in different cardiac cavities and vessels, angio-
cardiography in left ventricular, aortic root, right coronary artery
(RCA), and PA artery. Coronary CTA was  performed using Dual-
source CT (Siemens Medical Solutions, Forchheim, Germany) in
4 patients with ALCAPA diagnosed by echocardiography, all recon-
structed data sets were evaluated at different electrocardiographic
phases for diagnostic image quality and then the optimal data set
was then chosen for analysis.
Statistical analysis
Statistical analyses were conducted using SPSS software (ver-
sion 15.0; SPSS, Chicago, IL, USA). Quantitative data with normal
distribution were presented as mean ± SD. The difference of diam-
eters between LCA and RCA was  estimated by paired t test.
Signiﬁcant differences were regarded if the p-value was <0.05.
ResultsIn our series, 10 patients were referred to our hospital because
of the heart murmur found accidentally. The other 3 patients were
admitted to our hospital because of shortness of breath, or repeated
coughing, or poor feeding and malnutrition, respectively.
from PA RCA (cm) LCA (cm) VS (cm) Other ﬁndings
or 0.40 0.25 0.35 PDA
0.30 0.12 0.36 Perimembranous VSD
(0.6 cm)
0.26 0.16 0.39 ASD (0.5 cm), mild PH,
mitral valve prolapse,
enlarged right atrium
and ventricle
or 0.34 0.19 0.45 Chronic CHF
rior 0.30 0.28 0.62 Aberrant origin of right
subclavicular, left
common carotid and
left vertebral artery
or 0.40 0.16 0.36 Moderate PH
rior 0.37 0.26 0.40 Mild PH, incomplete
right bundle branch
block
or 0.38 0.28 0.43 Mild to moderate PH,
mild regurgitation in
all valves, chronic CHF
or 0.35 0.19 0.43
or 0.46 0.24 0.44
rior near 0.40 0.29 0.40 Mild PH, chronic CHF
rior 0.47 0.27 0.42 Moderate PH,  PFO
(0.3 cm), left superior
vena cava
or 0.60 0.32 0.50
ry artery; VS, ventricular septum; VSD, ventricular septal defect; ASD, atrial septal
nsion; CHF, congestive heart failure.
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Fig. 1. Coronary angiogram and echocardiogram in one patient with LCA originating from the right posterior wall of PA. (A) Right coronary artery angiogram shows ALCAPA
and  retrograde ﬂow in the LCA (arrow). (B) The LCA and aortic wall were overlapping at 3–4 o’clock at PA short-axis view, which was similar with the image of the LCA
o rmal o
f ram s
a  LCA, l
d
o
i
o
t
a
v
w
F
(
a
triginating from the aorta. (C) The blood ﬂow was opposite to that of LCA with no
orward  blood ﬂow to the right posterior wall of PA. (D) Post-operation, echocardiog
nomalous origin of the left coronary artery from the pulmonary artery; AO, aorta;
All 13 patients were diagnosed at PA short-axis view by echocar-
iography, including 7 patients originating from left posterior wall
f PA, 2 originating from the posterior wall of PA, and 4 originat-
ng from the right posterior wall of PA. In a patient with ALCAPA
riginating from right posterior wall of PA trunk near the top of
he PA bifurcation, the LCA origin was found when the probe was
djusted along the PA trunk up to the PA bifurcation at PA short-axis
iew.
Among 4 patients with LCA originating from the right posterior
all of PA, the LCA and aortic wall were overlapping at 3–4 o’clock
ig. 2. Coronary CT angiogram and echocardiogram in one patient with LCA originating fr
B  and C) PA short-axis view shows LCA originating from the left posterior wall of PA an
nd  LCX are connected with aortic root at PA short-axis view. ALCAPA, anomalous origi
omography; LCA, left coronary artery; LAD, left anterior descending coronary artery; LCXrigin, the backward blood ﬂow in the LCA crossed the aortic wall, and turned into
hows forward blood ﬂow from aorta into the LCA at aortic short-axis view. ALCAPA,
eft coronary artery; PA, pulmonary artery.
at PA short-axis view of echocardiography (Fig. 1B). It was similar
with the image of the LCA originating from the aorta. However,
the blood ﬂow was  opposite to that of LCA with normal origin and
showed reversed ﬂow in color Doppler. At the location where the
normal origin of LCA was  from the aorta, the backward blood ﬂow
turned into forward blood ﬂow. It went forward and connected
with the right posterior wall of PA (Fig. 1C). Among 7 patients with
LCA originating from the left posterior wall of PA and 2 patients
with LCA originating from the posterior wall of PA, the backward
blood ﬂow of LCA turns into forward blood ﬂow near the aorta,
om the left posterior wall of PA. (A) Coronary CT angiogram shows ALCAPA (arrow).
d retrograde ﬂow in the LCA. (D) Post-operation, echocardiogram shows that LAD
n of the left coronary artery from the pulmonary artery; AO, aorta; CT, computed
, left circumﬂex coronary artery; PA, pulmonary artery.
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[3] Lardhi AA. Anomalous origin of left coronary artery from pulmonary artery:G.-P. Jiang et al. / Journal o
nd forward ﬂow into the left posterior or posterior wall of the PA
Fig. 2B and C).
The diameter of the LCA ranged from 0.12 to 0.32 cm with a mean
f 0.23 ± 0.06 cm.  The diameter of RCA ranged from 0.26 to 0.60 cm
ith a mean of 0.39 ± 0.09 cm,  which was signiﬁcantly higher than
hose of LCA (t = 8.050, p < 0.001). The diameter of the RCA was
nlarged in 12 of 13 patients according to the criteria established
y the Japanese Ministry of Health to classify coronary arteries as
bnormal (>3 mm in children < 5 years or >4 mm in children ≥5
ears) [14].
Thickened ventricular septum was a common ﬁnding, which
anged from 0.35 to 0.62 cm with a mean of 0.43 ± 0.07 cm.
xpanded left ventricles, mitral regurgitation (mild in 6 patients
nd moderate in 7 patients) and left ventricular endocardial thick-
ning were found in all 13 patients. Pulmonary hypertension
as noted in 6 patients. Moreover, CDFI showed the multi-vessel
yocardial collateral blood ﬂow signals at left ventricular wall and
entricular septum.
Other abnormalities were found in 5 patients, including patent
uctus arteriosus, perimenbranous ventricular septal defect (VSD),
trial septal defect, aberrant origin of right subclavicular artery,
eft common carotid artery, and left vertebral artery, patent fora-
en  ovale and left superior vena cava. Moreover, congestive heart
ailure was noted in 3 patients.
LCA reimplantation was performed in all patients, 11 patients
mproved after operation. CDFI showed the forward blood ﬂow
rom the aortic root into the LCA after operation (Fig. 1D). PA
hort-axis view showed that left anterior descending and left cir-
umﬂex coronary artery were connected with aortic root (Fig. 2D).
eft ventricular diastolic diameter decreased from 3.9 ± 0.6 cm to
.3 ± 0.6 cm,  left ventricular ejection fraction and shortening frac-
ion increased from 0.43 ± 0.15 and 0.21 ± 0.04 to 0.50 ± 0.13 and
.25 ± 0.04. Unfortunately, 2 patients died after operation. One
atient died due to low cardiac output and arrhythmia the night
fter operation. Another patient died about 30 days after surgery
or unknown reasons.
iscussion
Early and accurate diagnosis of ALCAPA is important. ALCAPA is
ne of the most common causes of myocardial ischemia and infarc-
ion in children, although it does not present prenatally because of
he favorable fetal physiology that includes (1) equivalent pressures
n the main PA and aorta secondary to a nonrestrictive patent duc-
us arteriosus, and (2) relatively equivalent oxygen concentrations
ue to parallel circulations. Shortly after birth, as the circulation
ecomes one in series, pulmonary artery pressure and resistance
ecrease, as does oxygen content of pulmonary blood ﬂow. This
esults in the left ventricular myocardium being perfused by rela-
ively desaturated blood under low pressure, leading to myocardial
schemia and infarction of the anterolateral left ventricular free
all. This often causes mitral valve papillary muscle dysfunction
nd variable degrees of mitral insufﬁciency. Consequently, the
ombination of left ventricular dysfunction and signiﬁcant mitral
alve insufﬁciency leads to irreversible congestive heart failure. The
ortality rate for ALCAPA is high in untreated patients. Therefore
he surgical correction should be undertaken as early as possible.
owever, similar to some previous reports, most patients (10/13)
n our series were asymptotic and the heart murmur was found
ccidentally due to examination [1,12]. No patient was diagnosed
uring the neonate period, 6 (46.15%) were diagnosed aged over year old, and one was even 12 years old. Moreover, 7 of the
3 patients were misdiagnosed in other hospitals. Four cases were
isdiagnosed as endocardial ﬁbroelastosis, two cases as VSD, and
ne case as RCA-PA ﬁstula, which may  be combined malformationiology 63 (2014) 444–448 447
or some indirect features of ALCAPA (e.g. thickening endocar-
dial and ventricular septum, the collateral ﬂow, enlarged RCA)
[15]. Also, cardiomyopathy or myocarditis may  be misdiagnosed
because of poorly contractile left ventricle [1]. Hence, enhancing
the knowledge and awareness of ALCAPA is important for cardio-
vascular pediatricians and echocardiographic technicians [16].
Although the coronary angiography and CTA are easier to visu-
alize the origin and course of LCA, their main disadvantages are
invasive, expensive, relatively high radiation dose, and inability
to assess ﬂow in CTA [1,7–13]. Experience with accurate diagno-
sis of ALCAPA by echocardiography has accumulated [15,17,18]. In
our series, direct features of LCA (the origin of LCA) and course
were clearly shown at PA short-axis view after careful examina-
tion. These results suggest that parasternal PA short-axis view is a
good view to visualize the anomalous origin of the LCA. Parasternal
aortic root short-axis view is the best way to show a normal LCA.
However, in patients with ALCAPA, the LCA is close to the aorta,
and sometimes even crosses through the aortic wall. It is similar
to the appearance of LCA originating from the aorta and difﬁcult to
distinguish by 2D image. However, CDFI is helpful for the differen-
tiation [15,19,20]. The blood ﬂow of LCA in these patients is in the
opposite direction of normal LCA. Further examination shows the
blood ﬂow of the LCA into the PA at PA short-axis view. It suggests
that the opposite blood ﬂow of LCA in color Doppler is an important
feature for the diagnosis of ALCAPA.
Some ALCAPA may  be originating from the trunk of PA. In one
studied patient, the origin was from the right posterior of PA trunk
near the bifurcation. Hence, if the origin of LCA at PA short-axis view
cannot be found in a patient with indirect signs of the ALCAPA, it
is necessary to adjust the probe along the main PA up to the bifur-
cation to ﬁnd the origin of the LCA. Therefore, echocardiography
undertaken from a suitable viewpoint can demonstrate the origin
and pathway of ALCAPA, and should be frequently used to diagnose
these coronary anomalies [21].
Surgical correction is the only option for all patients. LCA reim-
plantation is a valid surgical option for the management of patients
with ALCAPA, with an excellent medium-term survival rate and a
low morbidity rate [22,23]. In our series, left ventricular diastolic
diameter, left ventricular ejection fraction and shortening fraction
were improved in 11 patients post-operation. But two patients died
after operation, and the cause of death was unknown.
In summary, ALCAPA should be considered by pediatricians in
patients with retrograde ﬂow in the LCA, left ventricular dilatation,
endocardial thickening, mitral regurgitation, expansion of RCA, and
myocardial collateral vessels. The echocardiography, especially at
PA short-axis view and color blood ﬂow image, is useful for diag-
nosis of ALCAPA. The main limitation of this study is the number of
cases, further accumulation of cases with ALCAPA is needed.
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